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Display a static, digitally generated, three-dimensional, 
autostereoscopic, full-parallax, real image. ~710 

r 

Display two-dimensional shapes onto a tabletop 
aligned with the three-dimensional image. ~715 

Detect glove-mounted tags and determine 
location and pose of the glove. ~72g 

r 

Detect table-mounted tags and determine 
location and orientation of the table. ~725 

l 

Calculate a location of a feature of the three-dimensional image. ~730 

l 

Calculate a distance and direction between the glove and the feature 
of the three-dimensional image, based on the location of the tags. ~735 

ldentify an intersection of the input device with the feature of the 
three-dimensional image based on the distance and direction 

between the glove and the feature of the three-dimensional image. ~740 

l 

identify a user input based on a gestural motion of the glove. ~745 

l 

Identify feature of the image in response to a user using 
the glove to point at the feature of the image. ~750 

l 

Identify the feature of the image in response to a 
user using the glove to poke the feature of the image. ~755 

FIG. 7 
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USER INTERACTION WITH HOLOGRAPHIC 
IMAGES 

The US. Government has a paid-up license in this inven 
tion and the right in limited circumstances to require the 
patent oWner to license others on reasonable terms as pro 
vided for by the terms of contract No. NBCHC050098 
awarded by DARPA. 

BACKGROUND 

1. Field of the Invention 
The present invention relates in general to the ?eld of 

holographic images, and more particularly, to user interac 
tions With autostereoscopic holographic displays through 
poses and gestures. 

2. Description of the Related Art 
A three-dimensional graphical display can be termed 

autostereoscopic When the Work of stereo separation is done 
by the display so that the observer need not Wear special 
eyeWear. Holograms are one type of autostereoscopic three 
dimensional display and alloW multiple simultaneous observ 
ers to move and collaborate While vieWing a three-dimen 
sional image. Examples of techniques for hologram 
production can be found in US. Pat. No. 6,330,088 entitled 
“Method and Apparatus for Recording One-Step, Full-Color, 
Full-Parallax, Holographic Stereograms,” naming Michael 
A. Klug, Mark E. HolZbach, and Alejandro J. Ferdman as 
inventors, Which is hereby incorporated by reference herein in 
its entirety. 

There is groWing interest in auto stereoscopic displays 
integrated With technology such as haptic interfaces to facili 
tate accurate interaction betWeen a user and three-dimen 
sional imagery. An example of such integration can be found 
in US. Pat. No. 7,190,496 entitled “Enhanced Environment 
Visualization Using Holographic Stereograms,” naming 
Michael A. Klug, Mark E. HolZbach, and Craig NeWsWanger 
as inventors, Which is hereby incorporated by reference 
herein in its entirety. 

SUMMARY 

Described herein are systems and methods for providing 
user interaction With displayed tWo and three-dimensional 
objects through a gestural interface. The system includes a 
holographic device displaying a static, digitally generated, 
three-dimensional, autostereoscopic, full-parallax, real 
image. The holographic device includes a holographic ?lm 
con?gured for normal illumination. In one implementation, 
the holographic ?lm includes an interference pattern formed 
by interference of one or more object beams and one or more 
reference beams. The system also includes a projection sys 
tem that illuminates the holographic ?lm and displays tWo 
dimensional shapes onto the holographic ?lm. The system 
also includes a ?rst set of one or more tags mounted on an 

input device, Which is a glove, and a second set of one or more 
tags mounted on a support system of the holographic device 
and located With a ?xed location relative to the image. The 
?rst set of tags can be, for example retrore?ecting beads that 
are used to automate the detection of the input device. The 
second set of tags can similarly be retrore?ecting beads used 
to automate the detection of a table or other support system 
for the holographic device and the three-dimensional image it 
generates. As an example, the input device is a glove Worn by 
a user, and the ?rst set of tags can be a set of retrore?ecting 
markers that can be recogniZed by a motion-capture imaging 
system to identify the location, pose, and gesturing of the 
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2 
glove. The second set of tags can be, for example, retrore 
?ecting markers af?xed to the comers of a table on Which a 
holographic ?lm is placed, With the holographic ?lm gener 
ating the three-dimensional image. The system also includes 
a locating system con?gured to determine locations of the 
tags in the ?rst and second sets of tags, and a processor 
coupled to the locating system. The processor is con?gured to 
calculate a location of a feature of the image in response to the 
locations of the second set of tags, and a distance and direc 
tion betWeen the input device and the feature of the image in 
response to the locations of the tags in the ?rst and second sets 
of tags. The locating system is also able to identify an inter 
section of the input device With the feature of the image, based 
on the distance and direction betWeen the input device and the 
feature of the image. The locating system can additionally be 
con?gured to identify the feature of the image in response to 
a user using the input device to poke the feature of the image. 
One implementation of a method includes displaying an 

image using a holographic device including a holographic 
?lm, the image consisting of a static, digitally generated, 
three-dimensional, autostereoscopic, full-parallax, real 
image, and illuminating the holographic ?lm to display tWo 
dimensional shapes onto the holographic ?lm. The method 
further includes detecting a ?rst set of one or more tags 
mounted on at least one input device that is a glove Wearable 
by a user, and detecting a second set of one or more tags 
mounted on a support system of the holographic device and 
having a ?xed location relative to the static, digitally gener 
ated, three-dimensional, autostereoscopic, full-parallax, real 
image. The method also includes determining locations of the 
tags in the ?rst and second set of tags and calculating a 
location of a ?rst feature of the image in response to the 
locations of the tags in the second set of tags. The method 
continues by calculating a distance and direction betWeen the 
input device and the ?rst feature of the image in response to 
the locations of the tags, and by identifying an intersection of 
the input device With the ?rst feature of the image in response 
to the distance and direction betWeen the input device and the 
?rst feature of the image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter of the present application may be better 
understood, and the numerous objects, features, and advan 
tages made apparent to those skilled in the art by referencing 
the accompanying draWings. 

FIG. 1 shoWs an example of one implementation of an 
environment 100 in Which a user can vieW and select objects 
on a display. 

FIG. 2 shoWs an example of an interaction betWeen an 
input device glove and an object projected by a display sys 
tem. 

FIG. 3 illustrates an operation in Which a user manipulates 
a displayed rectangle With the glove. 

FIG. 4 illustrates a tWo-handed operation by Which tWo 
dimensional objects are moved to into corner positions. 

FIGS. 5A and 5B illustrate a poke operation through Which 
a user can manipulate displayed tWo-dimensional objects. 

FIG. 6 illustrates a poke operation through Which a user can 
select a displayed three-dimensional object. 

FIG. 7 is a ?owchart shoWing a procedure for recognizing 
user input in an environment that displays three-dimensional 
images. 

DETAILED DESCRIPTION 

The folloWing discussion sets forth a detailed description 
of the best contemplated mode for carrying out the invention. 
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The description is intended to be illustrative of the invention 
and should not be taken to be limiting. 

FIG. 1 shoWs an example of one implementation of an 
environment 100 in Which a user can vieW and select objects 
on a display. The environment includes a display system 110 
capable of displaying tWo- and three-dimensional holo 
graphic images, a set of detectors 120A, 120B, and 120C 
(collectively, the detectors 120) that observes the region 
around the images from display system 110, and a computer 
130 coupled to detectors 120. Each of the detectors 120 
includes an infrared emitter that generates a distinctly unique 
pulsed sequence of infrared illumination, and an infrared 
camera that receives infrared light. Detectors 120 are securely 
mounted on a rigid frame 105. Environment 100 also includes 
at least one user-controlled indicator, Which a user can use as 

an input device to indicate selections of objects displayed by 
display system 110. The user-controlled indicator is a glove 
140. 

Objects displayed by display system 110 include tWo-di 
mensional and three-dimensional holographic objects. Dis 
play system 110 includes a computer-controlled projector 
1 15 mounted on frame 1 05, and a rectangular ?at tabletop 1 1 1 
illuminated by projector 115. Projector 115 is aimed, focused, 
and controlled to display tWo -dimensional objects on tabletop 
111. In this example, projector 115 is controlled by the same 
computer 130 that is coupled to detectors 120. It is also 
contemplated that tWo or more separate computers could be 
used to coordinate display and detection. Display system 110 
includes a hologram ?lm 117 that displays three-dimensional 
objects When vieWed by a user at appropriate angles and 
under appropriate lighting conditions. In one implementa 
tion, hologram ?lm 117 displays real imagesithat is, images 
that appear to a vieWer to be located in a spatial location that 
is betWeen the user and hologram ?lm 117. Such real images 
are useful, for example, to provide users With access to the 
displayed objects in a region of space Where users can interact 
With the displayed objects. In one application, real images are 
used to present “aerial” vieWs of geographic terrain poten 
tially including symbols, people, animals, buildings, 
vehicles, and/ or any objects that users can collectively point 
at and “touch” by intersecting hand-held pointers or ?ngers 
With the real images. In this example, hologram ?lm 117 is a 
re?ection hologram recorded in a ?exible sheet of polymer 
material. Hologram ?lm 117 is placed on ?at tabletop 111, so 
that projector 115 serves as the source of illumination, and so 
that the three-dimensional objects displayed by hologram 
?lm 117 appear to be co-located in an interaction region 150 
along With the tWo-dimensional objects projected by proj ec 
tor 115. 

Various applications may employ a combination of the 
computer-generated tWo-dimensional objects, produced by 
projector 115, and the static three-dimensional objects, made 
visible by hologram ?lm 117. For example, the tWo-dimen 
sional objects may be used to add cursors, text annotations, 
graphical annotations, topographic markings, roadmap fea 
tures, graphical annotations, and other static or dynamic data 
to a static set ofthree-dimensional scenes or objects recorded 
in the hologram, such as a geographic terrain, cityscape, or 
architectural rendering. In one implementation, the tWo-di 
mensional objects include cursors, pointers, graphical sym 
bols, text annotations, and movable images of people and 
vehicles and the three-dimensional objects include images of 
buildings, roads, vehicles and bridges based on data taken 
from actual urban environments. In another implementation, 
the three-dimensional images include hills and valleys based 
on data taken from actual rural environments in Which various 
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4 
rainfall distributions are anticipated, and the tWo -dimensional 
objects include renderings of the resulting Water ?oWs based 
on hydrology simulations. 

In the implementation shoWn in FIG. 1, detectors 120 
gather data on the position in three-dimensional space of 
glove 140, as Well as data on any poses made by the arrange 
ment of the ?ngers of the glove. As the user moves, rotates, 
and ?exes the glove around interaction region 150, detectors 
120 and computer 130 use the collected data on the time 
stamped locations and poses of the glove to detect various 
gestures made by the motion of the glove. Further informa 
tion on gesture detection is available in US. Provisional 
Patent Application No. 60/65 1 ,290 by John Underkof?er, 
?led Feb. 8, 2005 and titled “Gesture based control system,” 
and in US. patent application Ser. No. ll/350,697 by John S. 
Underkof?er and Kevin T. Parent, ?led Feb. 8, 2006 and titled 
“System and method for gesture based control system” (col 
lectively referred to herein as the “Underkof?er references”). 

FIG. 2 shoWs an example of an interaction betWeen glove 
140 and an object 231 projected by display system 110 in 
environment 100 (from FIG. 1), and as further described in 
the Underkof?er references. A user Wearing the glove makes 
a “gun” pose, With the index ?nger and thumb extended at an 
approximately 90° angle and the other ?ngers curled toWards 
the palm of the hand. In one implementation of environment 
100, the gun pose is used to point at locations and objects 
displayed on tabletop 111. The user can drop the thumb of the 
gun pose into a closed position approximately parallel to the 
index ?nger. This motion is understood by detectors 120 and 
computer 130 as a gesture that selects an object at Which the 
gun pose is pointing. 

Several objects are displayed on tabletop 111 in FIG. 2. 
These object include tWo 2-dimensional rectangular objects 
231 and 232, Which are projected through the computer 
controlled projector 115. These objects also include tWo 3-di 
mensional static objects 221 and 222 (tWo rectangular 
blocks), Which are visible to a user Who vieWs hologram ?lm 
117 from appropriate angles. 

In this example, the useruses the gun pose to point at object 
231 on tabletop 111. Object 231 is a computer-generated 
tWo-dimensional rectangle projected by the computer-con 
trolled projector 115 from FIG. 1. To assist the user in point 
ing at a desired object, computer-controlled projector 115 
also displays a tWo-dimensional cursor 240 that moves along 
With a location Where the gun pose points on tabletop 111, as 
further described in the Underkof?er references. The user can 
then orient the gun pose of glove 140 so that the cursor 240 
intersects the desired object, such as tWo-dimensional object 
231. This geometrical relationshipithe user pointing at a 
displayed object as shoWn in FIG. 2iis detected by the 
computer 130 from FIG. 1 using detectors 120. 

Environment 100 carries out a variety of operations so that 
computer 130 is able to detect such interactions betWeen a 
user and the displayed objects. For example, detecting that a 
user is employing glove 140 to point at object 221 involves (a) 
gathering information on the location and spatial extents of 
object 221 and other objects being displayed, (b) gathering 
information on the location and pose of glove 140, (c) per 
forming a calculation to identify a vector along Which glove 
140 is pointing, and (d) determining that the location of obj ect 
221 coincides With those coordinates. The folloWing discus 
sion addresses each of these operations. Additional informa 
tion is also available in the Underkof?er references. 

Various techniques may be used to gather information on 
the location and spatial extents of the objects displayed by 
display system 110. One approach requires a stable mounting 
of computer-controlled projector 115 on frame 105 and a 
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stable location of tabletop 111, ?xed With respect to frame 
105. The location of tabletop 111 and the location and orien 
tation of proj ector 115 can then be measured relative to detec 
tors 120, Which are also stably mounted on frame 105. This 
relative location information can be entered into computer 
130. Since tabletop 111 de?nes the display region for the tWo 
and three-dimensional images, computer 130 is thus made 
aWare of the location of the display surface for the images. 
The location of tWo-dimensional objects on the display sur 
face is knoWn to computer 130 (from FIG. 1), since this 
computer is the device that controls the projection of the 
tWo-dimensional objects through projector 115. As needed 
over time, projector 115 can be manually or automatically 
adjusted to maintain a proper alignment, and/or the projector 
information can be recalibrated to compensate for drifts in the 
projector alignment. Similarly, hologram ?lm 117 can be 
rigidly mounted onto tabletop 111, so that the three-dimen 
sional objects displayed by the hologram ?lm are ?xed With 
Well-de?ned locations relative to tabletop 111, frame 105, 
and detectors 120. 

Data concerning the three-dimensional objects encoded in 
the hologram ?lm 117 can be entered into computer 130. 
These data describe the apparent locations of the three-di 
mensional objects With respect to hologram ?lm 117. These 
data are combined With data regarding the mounting position 
of hologram ?lm 117 With respect to tabletop 111. As a result, 
computer 130 can calculate the apparent locations of the 
three-dimensional objects With respect to tabletop 111, and 
thus, With respect to the interaction region 150 in Which the 
tWo- and three-dimensional images appear to a user. This 
information alloWs computer 130 to carry out a registration 
With 1:1 scaling and coincident spatial overlap of the three 
dimensional objects With the interaction region 150. To facili 
tate accurate and reproducible mounting of hologram ?lm 
117, the tabletop may be equipped With mounting brackets 
261, 262, 263, and 264, Which ?x the position oftWo diagonal 
corners of a hologram ?lm on tabletop 111. 
A second approach is also contemplated for gathering 

information on the location and spatial extents of the dis 
played tWo- and three-dimensional objects. This approach is 
similar to the approach described above, but can be used to 
relax the requirement of a ?xed location for tabletop 111. In 
this approach, tabletop 111 does not need to have a ?xed 
knoWn location relative to frame 105 and detectors 120. 
Instead, detectors 120 are used to determine the location and 
orientation of tabletop 111 during regular operation. In vari 
ous implementations, detectors 120 are capable of repeatedly 
ascertaining the location and orientation of tabletop 111, so 
that even if tabletop 111 is shifted, spun, or tilted, the relevant 
position information can be gathered and updated as needed. 
In this approach it is nonetheless helpful to have projector 115 
rigidly mounted on frame 105, so that the projected tWo 
dimensional images remain Well-de?ned With respect to the 
environment 100. Similarly, it is helpful to have hologram 
?lm 117 stably mounted on tabletop 111, so that the locations 
of the three-dimensional objects displayed by the hologram 
move in a Well-de?ned predictable manner When tabletop 1 1 1 
moves. Thus, by tracking any movement of tabletop 111, 
detectors 120 can track the resulting movement of the three 
dimensional objects from hologram ?lm 117. 
One technique by Which detectors 120 and computer 130 

can determine the location of tabletop 111 is to use recogniZ 
able visible tags attached to the surface of tabletop 111. The 
tags can be implemented, for example, using small retrore 
?ecting beads, With the beads arranged in unique patterns for 
each tag. In the example of FIG. 2, tabletop 111 has four 
distinct visible tags 251, 252, 253, and 254. These tags are 
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6 
shoWn as combinations of dots arranged in four different 
geometric patterns, placed at the four comers of tabletop 111. 
In this example, the tags are mounted on the four brackets 
261, 262, 263, and 264, Which are ?xed onto tabletop 111. 
Tabletop 111 is constructed of rigid material, so that the four 
tags have a ?xed spatial relationship (distance and direction) 
With respect to each other and to the tabletop. Measurements 
regarding the location of these four tags relative to each other 
and to the spatial extents of the tabletop are pre-entered into 
computer 130. When detectors 120 detect the locations in 
three-space of the four tags, these locations can be provided to 
computer 130. Using the pre-entered tabletop measurements, 
computer 130 can then deduce the location, azimuthal orien 
tation, and inclination of tabletop 111. In one implementa 
tion, the computer uses the spatial location of at least three of 
the tags to identify a plane of the tabletop. In another imple 
mentation, the computer uses the spatial orientation of at least 
one of the tags to identify the plane of the tabletop. 

Detectors 120 use pulsed infrared imaging and triangula 
tion to ascertain the locations of each of the tags 251, 252, 
253, and 254. Additional information is also available in the 
Underkof?er references. Each of the detectors 120A, 120B, 
and 120C illuminates the region around tabletop 111 periodi 
cally With a pulse of infrared light. The re?ected light is 
collected by the emitting detector and imaged on a charge 
coupled device (or other suitable type of sensor). Circuitry in 
each detector identi?es the four tags based on their unique 
patterns; the data from the three cameras is then combined to 
calculate the position in three-space of each of the four tags. 
Additional detectors may also be used. For example, if four or 
?ve detectors are used, the additional detector(s) provides 
some ?exibility in situations Where one of the other detectors 
has an obscured vieW, and may also provide additional data 
that can improve the accuracy of the triangulation calcula 
tions. In one implementation, environment 100 uses eight 
detectors to gather data from the interaction region 150. 

Detectors 120 may include motion capture detectors that 
use infrared pulses to detect locations of retrore?ecting tags. 
Such devices are available, for example, from Vicon Limited 
in LosAngeles, Calif. The infrared pulses may be ?ashes With 
repetition rates of approximately 90 HZ, With a coordinated 
time-base operation to isolate the data acquisition among the 
various detectors. Tags 251, 252, 253, and 254 may be imple 
mented using passive retrore?ecting beads With dimensions 
of approximately 1 mm. With spherical beads and appropriate 
imaging equipment, a spatial resolution of approximately 0.5 
mm may be obtained for the location of the tags. Further 
information on the operation of an infrared location system is 
available in the Underkof?er references. 

Detectors 120 can be con?gured to make fast regular 
updates of the locations of tags 251, 252, 253, and 254. Thus, 
computer 130 can be updated if the location of the tags, and 
therefore of tabletop 111 moves over time. This con?guration 
can be used to enable a rotating tabletop. In one implemen 
tation, the hologram ?lm 117 used in display system 110 is 
con?gured to be vieWed under normal illumination, from a 
direction perpendicular to the ?lm. (For example, hologram 
?lm 117 can be constructed using optics in Which a reference 
beam normally illuminates the hologram ?lm.). In this imple 
mentation, display system 110 includes a light source (not 
shoWn) that is mounted directly above tabletop 111 to provide 
normal illumination. In thi s implementation, tabletop 1 1 1 can 
be readily mounted on a rotating support, so that tabletop 11 1, 
and the hologram ?lm mounted thereon, can be rotated for the 
convenience of users. As hologram ?lm 117 is rotated, the 
overhead light source continues to serve as a properly angled 
source of illumination. 
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Detectors 120 and computer 130 can also be used to gather 
information on the location and pose of glove 140, as 
described in the Underkof?er references. Additional tags 211, 
212, and 213 are depicted in FIG. 2 as being attached on the 
thumb, index ?nger, and Wrist, respectively, of glove 140 in 
this example. Additional tags may also be used on glove 140. 
By obtaining the three-space location of the tags, detectors 
120 obtain position information for the points on the glove to 
Which they are attached. 

With appropriate placement of the tags, and With consid 
eration to the anatomy of a hand, detectors 120 and computer 
130 can use the three-space positions of tags 211, 212, and 
213 to determine the location, pose, and gesturing of the 
glove, as described in the Underkof?er references. In the 
example of FIG. 2, the three-space positions of the glove 
mounted tags 211, 212, and 213 indicate Where glove 140 is 
located and also that glove 140 is being held in a gun pose. 
That is, the positions of the glove-mounted tags, relative to 
each other, indicate that the index ?nger is extended and the 
thumb is being held aWay from the index ?nger in this 
example. The pose of glove 140 can similarly be deduced 
from the information about the positions of tags 211, 212, and 
213. The pose may be characterized, for example, by angles 
that describe the inclination of the pointing index ?nger (e. g., 
the direction of a vector betWeen tags 212 and 213), and the 
inclination of the extended thumb (using tags 211 and 212 and 
appropriate anatomical information). 

Having deduced that the glove 140 is being held in a gun 
pose, computer 130 can proceed to identify coordinates at 
Which glove 140 is pointing. That is, computer 130 canuse the 
position information of tags 211, 212, and 213 and appropri 
ate anatomical information to calculate a vector 280 along 
Which a user is pointing, as described in the Underkof?er 
references. 

Computer 130 then performs a calculation to determine 
Which object(s), if any, have coordinates along the vector 280. 
This calculation uses the information about the positions of 
the tWo- and three-dimensional objects, and also employs 
data regarding the extents of these objects. If the vector 280 
intersects the extents of an object, computer 130 (from FIG. 
1) ascertains that the user is pointing at that object. In the 
example of FIG. 2, the computer ascertains that the user is 
pointing at tWo-dimensional object 231. Visual feedback can 
be provided to the user, for example by causing object 231 to 
visibly undulate (not shoWn) When the user points at object 
231. In addition or instead, auditory feedback, for example 
using a beep sound generated by a speaker coupled to com 
puter 130, can also be provided to shoW that the user is 
pointing at an object. 

FIG. 3 illustrates an operation in Which a user manipulates 
a displayed object 231 With glove 140. In comparison With 
FIG. 2, object 231 has been repositioned. This operation 
involves the user selecting the object by changing the pose of 
glove 140, and moving the object by a motion of the glove. In 
the illustrated example, a user changes the pose of the glove 
from an open gun to a closed gun by bringing the thumb close 
to the index ?nger While pointing at object 231. This motion 
is interpreted as a gesture that selects object 231. Detectors 
120 detect the resulting locations of tags 211, 212, and 213 on 
the glove, and pass these locations on to computer 130. Com 
puter 130 determines that the locations of the tags have 
changed relative to each other and recogniZes the change as 
indicating a selection gesture. Since the user is pointing at 
cross-shaped object 231 While the selection gesture is per 
formed, computer 130 deems this object 231 to be selected by 
the user. Visual feedback can be provided to the user, for 
example by displaying a tWo-dimensional highlight border 
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8 
341 around object 231 to indicate that the user has selected 
object 231. In addition or instead, auditory feedback, for 
example using a beep sound, can also be provided to shoW 
that the user has selected an object. (Other indications of 
visual and auditory feedback for selected objects are also 
contemplated, such as a change in siZe, a geometric pulsing, 
an encircling, a change in color, or a ?ashing of the selected 
object, or an auditory chime, bell, or other alert sound, or 
others, or some combination thereof. Similarly, various forms 
of visual feedback can also be provided When a user points at 
a displayed object.) 

In addition, computer 130 can also change the image pro 
jected through projector 115 in response to a change in loca 
tion or pose of glove 140. In the illustrated example, the user 
has changed the direction at Which the glove points; the 
direction of pointing 380 is different in FIG. 3 than it Was 
(280) in FIG. 2. This motion is used in the illustrated example 
to move a selected object across the surface of tabletop 111. 
As illustrated, object 231 has been repositioned accordingly. 
The user may de-select object 231 in the neW location by 
raising the thumb (not shoWn), thereby returning glove 140 to 
the open gun pose. Computer 130 Would respond accordingly 
by removing the highlight border 341 from object 231 in the 
neW position. 
The user-directed repositioning of tWo-dimensional 

objects may be usable, for example, to control the placement 
of tWo-dimensional shapes, text, or other overlay features 
displayed in conjunction With a three-dimensional holo 
graphic image. Other user-directed operations on the dis 
played objects are also contemplated, such as arranging vari 
ous two-dimensional objects in home positions arrayed in a 
grid or in a circular pattern. Various operations can be done 
With right-hand gestures, left-hand gestures, or simulta 
neously With both hands. More than tWo hands simulta 
neously are even possible, i.e. With multiple users. For 
example, various operations may be performed based on col 
laborative gestures that involve a one-handed gesture from a 
user along With another one-handed gesture from another 
user. Similarly, it is contemplated that multi-user gestures 
may be involve more than tWo users and/ or one or tWo -handed 

gestures by the users, as described in the Underkof?er refer 
ences. 

FIG. 4 illustrates a tWo-handed operation by Which tWo 
dimensional objects are moved to into corner positions. In 
this example, a user employs tWo gloves, 140 and 440, each 
With appropriately mounted tags that can be recogniZed and 
individually identi?ed by detectors 120. When a user makes a 
“goalpost” pose (using tWo side-by-side gun poses) and 
rotates the index ?ngers upWards, computer 130 recogniZes 
this gesture as a return-to-comer command, as described in 
the Underkof?er references. In response, computer 130 
causes the objects 231 and 232 to move to adjacent corners of 
tabletop 111. 

FIGS. 5A, 5B, and 6 illustrate other types of operations 
through Which a user can manipulate displayed objects. In 
this example, a user touches tabletop 111 With the extended 
index ?nger of glove 140. As shoWn in FIG. 5A, the user 
touches the location Where object 342 is displayed. This posi 
tion and pose of the glove is interpreted as a selection of obj ect 
232 by “poking” the object 232.V“1sual feedback and auditory 
is provided to the user by displaying a tWo-dimensional high 
light border 542 around object 232 and sounding a chime to 
indicate that the user has selected rectangle 542. The user then 
drags the index ?nger of glove 140 to a neW location on the 
surface of tabletop 111. Computer 130 responds by causing 
object 232 to be projected as moving along With the user’s 
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index ?nger, thereby displaying the dragging of the object a 
neW position, shown in FIG. 5B. 

FIG. 6 shoWs another operation, in Which a user selects a 
three-dimensional object by poking the three-dimensional 
object. In this example, the user touches three-dimensional 
object 222 With the index ?nger of glove 140. The locations of 
the tags on glove 140 are detected by detectors 120, Which 
pass the location information on to computer 130. Computer 
130 uses this location information, in combination With loca 
tion information of the tags mounted on tabletop 111, to 
ascertain that the user’ s ?ngertip has intersected the extents of 
three-dimensional object 222. Visual and auditory feedback 
is provided to the user, in this example by displaying a tWo 
dimensional highlight border 622 around object 222 and by 
sounding an audible beep. 

FIG. 7 is a ?owchart shoWing a procedure for recognizing 
user input in an environment that displays three-dimensional 
images. The procedure commences in act 710 by displaying a 
static, digitally generated, three-dimensional, autostereo 
scopic, full-parallax, real image. For example, the image may 
be produced by a holographic ?lm that is securely mounted 
onto a tabletop in an interaction region that is accessible to 
users. In act 715, tWo-dimensional shapes are displayed in 
alignment With the three-dimensional image. The procedure 
continues in act 720 by detecting tags mounted on a glove 
Worn by a user, and by determining the location and pose of 
the glove based on the tags. In act 725, the procedure detects 
tags mounted With a ?xed relationship to the three-dimen 
sional image. For example, these, tags can be ?xed to particu 
lar locations of the tabletop. Based on these tags, a determi 
nation is made of the location and orientation of the tabletop. 

In act 730, the procedure calculates a location of a feature 
of the three-dimensional image. This calculation is based on 
the location and orientation of the tabletop, and on data 
describing the features shoWn in the three-dimensional 
image. In act 735, the procedure then calculates a distance and 
direction betWeen the glove and the feature of the three 
dimensional image, based on the location of the tags. 

In act 740, the procedure may identify an intersection of the 
input device With the feature of the three-dimensional image 
based on the distance and direction betWeen the glove and the 
feature of the three-dimensional image. Other operations are 
also contemplated. For example, in act 745 the procedure 
identi?es a user input based on a gestural motion of the glove. 
In act 750, the procedure identi?es a feature of the image in 
response to a user using the glove to point at the feature of the 
image, and in act 755 the procedure identi?es the feature of 
the image in response to a user using the glove to poke the 
feature of the image. 

FIGS. 1-7 illustrate some of the many operational 
examples of the techniques disclosed in the present applica 
tion. Those having ordinary skill in the art Will readily recog 
niZe that certain steps or operations described herein may be 
eliminated or taken in an alternate order. Moreover, the opera 
tions discussed With respect to FIGS. 1-6 may be imple 
mented as one or more softWare programs for a computer 

system and encoded in a computer readable medium as 
instructions executable on one or more processors. The com 

puter readable medium may include a solid-state storage 
medium, a magnetic storage medium, or an optical storage 
medium, or combinations thereof. The softWare programs 
may also be carried in a communications medium conveying 
signals encoding the instructions. Separate instances of these 
programs may be executed on separate computer systems. 
Thus, although certain steps have been described as being 
performed by certain devices, softWare programs, processes, 
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10 
or entities, this need not be the case and a variety of alternative 
implementations Will be understood by those having ordinary 
skill in the art. 

Additionally, those having ordinary skill in the art Will 
readily recogniZe that the techniques described above may be 
utiliZed With a variety of different storage devices and com 
puting systems With variations in, for example, the number 
and type of detectors and user input devices. Those having 
ordinary skill in the art Will readily recogniZe that the data 
processing and calculations discussed above may be imple 
mented in softWare using a variety of computer languages, 
including, for example, traditional computer languages such 
as assembly language, Pascal, and C; object oriented lan 
guages such as C++, C#, and Java; and scripting languages 
such as Perl and Tcl/Tk. Additionally, the softWare may be 
provided to the computer system via a variety of computer 
readable media including electronic media (e.g., ?ash 
memory), magnetic storage media (e.g., hard disk, a ?oppy 
disk, etc.), or optical storage media (e.g., CD-ROM). Com 
munications media conveying signals encoding the instruc 
tions may also be used to provide the softWare (e.g., via a 
netWork coupled to a netWork interface). 

Although the present invention has been described in con 
nection With several embodiments, the invention is not 
intended to be limited to the speci?c forms set forth herein. 
On the contrary, it is intended to cover such alternatives, 
modi?cations, and equivalents as can be reasonably included 
Within the scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
1. A system comprising: 
a holographic device including a holographic ?lm and 

displaying a static, digitally generated, three-dimen 
sional, autostereoscopic, full-parallax, real image; 

a projection system con?gured to illuminate the holo 
graphic ?lm and to display tWo-dimensional shapes onto 
the holographic ?lm; 

a ?rst set of one or more tags mounted on at least one input 

device that is a glove Wearable by a user; 
a second set of one or more tags mounted on a support 

system of the holographic device and located With a 
?xed distance and direction to the image; 

a locating system con?gured to determine locations of the 
?rst and second set of tags; and 

a processor coupled to the locating system and con?gured 
to calculate: 
a location of a ?rst feature of the image in response to the 

location of the second set of tags, and 
a distance and direction betWeen the input device and the 

?rst feature of the image in response to the location of 
the ?rst and second sets of tags; 

Wherein the locating system is further con?gured to iden 
tify an intersection of the input device With the ?rst 
feature of the image in response to the distance and 
direction betWeen the input device and the ?rst feature of 
the image. 

2. The system of claim 1, Wherein the ?rst set of tags 
comprises four ?rst tags located at different locations adja 
cent to the holographic device. 

3. The system of claim 1, Wherein the locating system is 
further con?gured to recogniZe a gestural motion of the input 
device as a user input. 

4. The system of claim 1, Wherein the locating system is 
further con?gured to identify one or more of: a ?rst user input 
in response to the input device being shaped into a gun pose, 
a second user input in response to the input device being 
shaped into a gesture comprising a gun pose and a thumb 
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doWn motion, a third user input in response to the input device 
being shaped into a ?at-hand pose, or a fourth user input in 
response to the input device being shaped into an “ok” pose. 

5. The system of claim 1, Wherein the locating system is 
further con?gured to identify the ?rst feature of the image in 
response to a user using the input device to point at the ?rst 
feature of the image. 

6. The system of claim 1, Wherein the locating system is 
further con?gured to identify the ?rst feature of the image in 
response to a user using the input device to poke the ?rst 
feature of the image. 

7. The system of claim 6, Wherein the locating system is 
further con?gured to identify a second feature of the image in 
response to a user using the input device to poke the second 
feature of the image. 

8. The system of claim 1, Wherein the input device com 
prises tWo or more input devices, usable by tWo or more users. 

9. The system of claim 1, Wherein the input device com 
prises tWo gloves Wearable by a user. 

10. The system of claim 9, Wherein the locating system is 
further con?gured to identify a ?rst tWo-handed user input in 
response to the input device being manipulated into a ?rst 
tWo-handed gesture, and a second tWo-handed user input in 
response to the input device being manipulated into a second 
tWo-handed gesture. 

11. The system of claim 1, further comprising the projec 
tion system con?gured to display tWo-dimensional graphics 
for user feedback in response to a user input through the input 
device. 

12. The system of claim 1, further comprising an audio 
output con?gured to provide audible user feedback in 
response to a user input through the input device. 

13. The system of claim 1, Wherein the holographic ?lm 
comprises an interference pattern formed by the interaction of 
an object beam and a reference beam. 

14. The system of claim 1, Wherein the second set of tags is 
located With a ?xed distance and direction to ?rst feature of 
the image. 

15. A computer implemented method comprising: 
displaying an image using a holographic device including 

a holographic ?lm, the image consisting of a static, 
digitally generated, three-dimensional, autostereo 
scopic, full-parallax, real image; 

illuminating the holographic ?lm and displaying tWo-di 
mensional shapes onto the holographic ?lm; 

detecting a ?rst set of one or more tags mounted on at least 
one input device that is a glove Wearable by a user; 

detecting a second set of one or more tags mounted on a 
support system of the holographic device and located 
With a ?xed distance and direction relative to the image; 

determining locations of the ?rst and second set of tags; 
calculating a location of a ?rst feature of the image in 

response to the location of the second set of tags; 
calculating a distance and direction betWeen the input 

device and the ?rst feature of the image in response to 
the location of the ?rst and second sets of tags; and 
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identifying an intersection of the input device With the ?rst 

feature of the image in response to the distance and 
direction betWeen the input device and the ?rst feature of 
the image. 

16. The method of claim 15, further comprising: 
identifying a user input in response to a gestural motion of 

the input device. 
17. The method of claim 15, further comprising: 
identifying the ?rst feature of the image in response to a 

user using the input device to point at the ?rst feature of 
the image. 

18. The method of claim 15, further comprising identifying 
the ?rst feature of the image in response to a user using the 
input device to poke the ?rst feature of the image. 

19. The method of claim 18, further comprising: 
identifying a second feature of the image in response to a 

user using the input device to poke the second feature of 
the image. 

20. The method of claim 15, further comprising: 
displaying the tWo-dimensional shapes onto a tabletop 

aligned With the image. 
21. The method of claim 15, further comprising: 
identifying a ?rst tWo -handed user input in response to the 

input device being manipulated into a ?rst tWo-handed 
gesture, and a second tWo-handed user input in response 
to the input device being manipulated into a second 
tWo-handed gesture. 

22. The method of claim 15, further comprising: 
providing an audio output in response to a user input 

through the input device. 
23. A non-transitory computer readable medium compris 

ing instructions executable by a processor to perform a 
method comprising acts of: 

displaying an image using a holographic device including 
a holographic ?lm, the image consisting of a static, 
digitally generated, three-dimensional, autostereo 
scopic, full-parallax, real image; 

illuminating the holographic ?lm and displaying tWo-di 
mensional shapes onto the holographic ?lm; 

detecting a ?rst set of one or more tags mounted on at least 
one input device that is a glove Wearable by a user; 

detecting a second set of one or more tags mounted on a 

support system of the holographic device and located 
With a ?xed distance and direction relative to the image; 

determining locations of the ?rst and second set of tags; 
calculating a location of a ?rst feature of the image in 

response to the location of the second set of tags; 
calculating a distance and direction betWeen the input 

device and the ?rst feature of the image in response to 
the location of the ?rst and second sets of tags; and 

identifying an intersection of the input device With the ?rst 
feature of the image in response to the distance and 
direction betWeen the input device and the ?rst feature of 
the image. 


